This paper investigated the effects of different contents of negative ion powder on the antibacterial activity and mechanical properties of the alginate impression materials. The cytotoxicity of the negative ion powder was evaluated. The antibacterial rate was evaluated by the plate count method, and the mechanical properties, including the gelation time, elastic recovery, compressive strain and compressive strength were characterized by standards method. MTT assay was used to evaluate the cytotoxicity of the negative ion powder. When the content of negative ion powder was 1-2%, the antibacterial rate could be up to 90-100%. It had no significant effect on the mechanical properties of the alginate impression materials when the added content of negative ion powder was less than 2% (p>0.05). The results of the MTT assay indicated that the material is noncytotoxic. The optimal adding ratio of negative ion powder is 1-2%.
INTRODUCTION
The American Dental Association (ADA) and the Centers for Disease Control (CDC) suggest that all surfaces that have been in contact with human bodily fluids should be disinfected 1, 2) . Dental impression materials are one of the most commonly used materials in prosthetic dentistry. During impression making, dental impressions can be contaminated with the patient's saliva, bacterial plaques and blood 3) . Without proper disinfecion protocols, infectious diseases such as the acquired immune deficiency syndrome (AIDS), hepatitis, tuberculosis from saliva or blood via contaminated impressions can spread to the clinicians, patients, or laboratory personnel [3] [4] [5] [6] . So, in order to prevent cross-contamination, disinfection of dental impressions should be considered as a routine procedure in clinic [7] [8] [9] [10] . Immersion disinfection and spray disinfection are the commonly used methods of disinfection of dental impressions. Some studies have reported that the immersion disinfection is a reliable and effective method because it ensures that all of the surfaces of the impression can contact with the disinfectant solution 1, [11] [12] [13] , however, other investigations have shown significant dimensional changes in the impression after disinfecion, especially with irreversible hydrocolloid impression materials 10, 14, 15) . Alginate is the most commonly used impression material in dentistry [16] [17] [18] [19] due to their low cost, their ease of handling and mixing, and the minimal need for equipment. Because alginate impression materials belong to hydrocolloid impression materials, the set material consists of a gel structure, they have a tendency to absorb water, especially during the disinfection procedure making it dimensionally unstable 10) . To avoid possible adverse effects caused by conventional disinfection, some studies have proposed the selfdisinfection which refers to add the antibacterial agent directly into the alginate powder or water 20, 21) , this disinfection method is a simple and effective method without the separate disinfection procedure, compared with the conventional immersion disinfection or spray disinfection.
In this study, the negative ion powder was added into the alginate impression materials to play the role of impression disinfection, the antibacterial rate was evaluated by the colony counting method. As the negative ion powder may have adverse effects on the mechanical properties of the alginate impression materials, the mechanical properties of the alginate impression material by adding different content of negative ion powder was evaluated. In addition, the biocompatibility of the negative ion powder was evaluated by MTT assay.
MATERIALS AND METHODS

Materials
The pure alginate impression material (Heraeus Kulzer, Shanghai, China) without adding negative ion powder as control group, 1, 2, 3, 5 and 6% proportions of negative ion powder (Hanchuan mineral processing, Shijiazhuang, China) was respectively added into alginate impression material as test groups. The negative ion powder is a kind of silicate mineral with ring structure, the main chemical components are aluminium oxide (35.10%), silicon dioxide (34.81%), boron trioxide (11.02%), iron (III) oxide (10.18%), iron (II) oxide (1.35%), magnesium oxide (4.70%), potassium oxide (0.04%), sodium oxide (0.91%), titanium dioxide (0.26%), phosphorus pentoxide (0.22%) and lithium oxide (0.008%), etc. All the materials and equipments were placed in the test environment temperature of 23±2ºC and 50±10% relative humidity. The alginate impression material was mixed according to the specifications, and the ratio was 23 mL of water to10 g of powder.
Test method 1. Antibacterial activity of negative ion powder Antibacterial activity of negative ion powder was evaluated by the plate count method using S.aureus (ATCC25923) and E.coli (ATCC35218). Single colonies were placed in the centrifuge tube of 10 mL liquid MH medium, cultured at 37ºC under 160 rpm shaking speed for 16 h. At this time, the number of colonies was 10 6 -10 7 cfu/mL. The bacterial solution was diluted 1,000 times, placed in the 1.5 mL microtubule, then cultured at 37ºC under 160 rpm shaking speed for 3 h (3 h later, the bacteria were in the logarithmic phase). The control group and the experimental group samples (10×10×5 mm) were placed in the 1 mL bacterial solution in the logarithmic phase and cultured at 37ºC under 250 rpm shaking speed for 24 h. Using 10-fold gradient dilution method, the bacterial solution was diluted to 10 −6 , and the 100 μL bacterial solution was evenly spread onto the medium, inverted culture for 24 h. Colonies were counted and the antibacterial rates were calculated by the following formula: the antibacterial rate=(counts of control−counts of experiment)/counts of control. All the tests were repeated three times independently.
Measurement of mechanical properties 1) Gelation time
The evaluation for gelation time was according to the ADA for alginate impression material (ADA NO.18-1992) 22) . A stainless steel mold with a diameter of 30 and 16 mm in height was placed on a piece of glass surface. After mixing, the alginate impression was poured into the mould up to the brim and the excess was scraped with a sword and test with an organic glass rod every 10 s, and recorded the time from beginning to the time of the glass rod and the sample not adhering.
2) Elastic recovery
The evaluation for elastic recovery was according to the National pharmaceutical industry for the alginate impression material (YY1027-2001) 23) . The sample of alginate impression was processed into cylinder with a diameter of 12.5 mm and 20 mm in height by a metal mold. The samples were tested by universal material testing machine (WDW-200, shenzhen, China). The load was added until 20% deformation in height was happened and kept for 5 s. After removing the load for 30 s, recording and calculating the deformation recovery.
3) Compressive strain
The evaluation for compressive strain was according to the National pharmaceutical industry for the alginate impression material (YY1027-2001) 23) . The sample of alginate impression was processed in the same method with above. Compressive strain of the samples was also tested by universal material testing machine. Recording the compressive stress from 0.01 N/mm 2 (lasts 30 s) to 0.1 N/mm 2 (lasts 30 s), calculating the compressive strain.
4) Compressive strength
The evaluation for compressive strength was according to the National pharmaceutical industry for the alginate impression material (YY1027-2001) 23) . The sample of alginate impression was processed in the same method with above. After curing for 60 s, the samples were performed in a controlled velocity of clamps of 20±2 mm/ min on universal material testing machine until the first break and recording the fracture strength.
3. MTT assay MTT assay was used to evaluate the cytotoxicity of the negative ion powder. After the negative ion powder was sterilized, 0.2 mg/mL was soaked in DMEM/F12 medium (Gansu Zhi XinDa Biotechnology, Lanzhou, China) containing 10% fetal bovine serum (Hangzhou sijiqing), and extracted for 48 h in the cell culture medium, stored at 4ºC. The preosteoblast MC3T3-E1 (supplied by Key Laboratory of Stomatology, Northwest University for Nationalities) cell suspension was seeded in 96-well plates at 2×10 4 /mL, and the negative ion powder group, negative control group and blank control group were set up, each group of 6 holes, cultured for 24 h, so that the cells completely attached. The original culture solution in the experimental group was replaced with the extracted solution of the negative ion powder, the negative control group was replaced with fresh medium without fetal bovine serum, 0.9% saline solution was added in the blank control group, after incubation for 24 and 48 h, the supernatant was discarded, and 20 μL of MTT (Gansu Zhi XinDa Biotechnology) solution (5 mg/ mL) was added to each well. After 4 h of incubation, the supernatant was discarded, 150 μL of DMSO (Gansu Zhi XinDa Biotechnology) was added to each well and the crystals were dissolved by shaking for 15 min. The optical density was measured spectrophotometrically at 570 nm by Ultra Microplate Reader (DG5301, Nanjing Huadong Electronic Group Medical Equipment, Nanjing, China), the cell relative proliferation rate was calculated according to the formula (RGR%=the average optical density of test group/the average optical density of negative control group×100%). The degree of cytotoxicity was graded according to RGR (Table 1) 24) .
Analysis
All the tests for the control group and experimental group were repeated three times and taken the mean value. SPSS16.0 statistical software was used for the statistics analysis, with ɑ=0.05 for inspection standards.
RESULTS
Antibacterial activity
Figures 1, 2 and 3 showed the antibacterial rate of alginate impression materials with different content of negative ion powder on S.aureus and on E.coli. As shown in Fig. 1 , the antibacterial rate increased as the content of negative ion powder increased from 0% to 1% (p<0.05), when the content of negative ion powder was 1%, the antibacterial rate of S.aureus could be up to 100%, the antibacterial rate of E. coli could be up to 90%, when the content of negative ion powder was 2%, the antibacterial rate of E. coli could be up to 100%.
Mechanical properties
Gelation time of control group and test groups are presented in Fig. 4 , along with the increase of the negative ion powder dosage, compared with the control group, gelation time of all the test groups showed a trend of prolong (p>0.05). Elastic recovery of control group and test groups are presented in Fig. 5 , along with the increase of the negative ion powder dosage, the elastic recovery showed a trend of firstly decrease and then increase, the elastic recovery reached the lowest point when the mass fraction of the negative ion was 2% (p<0.05).
Compressive strain of control group and test groups are presented in Fig. 6 , compared with the control group, the compressive strain increased with the content of the negative ion between 0-1% and 3-6%, when the content of the negative ion was 1-3%, the compressive strain showed a decrease trend, the compressive strain was optimum when the content of negative ion was 1% (p>0.05).
Compressive strength of control group and test groups are presented in Fig. 7 , along with the increase of the negative ion powder dosage, the compressive strength firstly increase and then decrease, the compressive strength was up to the highest value when the mass fraction of negative ion powder was 2% (p>0.05). It had no significant effect on the mechanical properties of the alginate impression materials when the added content of negative ion powder was less than 2% (p>0.05).
MTT
As shown in Fig. 8 , the optical density of the negative control groups (24 and 48 h) were lower than that of the experimental groups, there were statistically significant differences (p<0.05). As shown in Table 2 , the cytotoxicity grades of the negative ion powder group (24 and 48 h) were all 0 by calculating RGR%, according to Table 1 , the negative ion powder is noncytotoxic, so the negative ion powder meets the requirements of "National standards for biological evaluation of medical devices GB/T 16886.5-2003" 25) 
DISCUSSION
Negative ion powder is a new composite material, which is composed of the raw mineral material, tourmaline and the material containing lanthanide elements (rare earth elements) 26) . Among them, tourmaline is a major component of negative ion powder, which is a kind of natural silicate mineral. Tokumura et al. 27) reported that tourmaline has strong antibacterial and sterilization effect. Another study reported that tourmaline exhibited obvious antibacterial action against Staphylococcus aureus 28) . The main chemical components of the negative ion powder are aluminum, silicon, sodium, iron, lithium, zinc, titanium, phosphorus, selenium, boron and lanthanide element, etc. The negative ion powder has special thermoelectric and piezoelectric properties, which can generate a lot of negative ions when it is heated, pressed or excited by other energy. The basic principle is that the chang in temperature or pressure can cause electric potential difference (voltage) between the mineral crystals, and the energy can make water molecules surrounding air ionized, the separated electrons attaching on the adjacent water and oxygen molecules, making it into the air negative ions 26) . In recent years, the medical effects of negative ions have been confirmed by many researchers in the medical profession, which have the certain antibacterial activities and the function of health care and purifying the air. The antibacterial mechanism is mainly that the negative ions can make the bacteria change in structure and energy transfer, then lead to the death of the bacteria 29) . In addition, the negative ions have the strong oxidation reduction effect, which can destroy bacteria cell membrane or cell plasma active enzyme activity 26, 30) . Negative ions have a health-care effect on the human body. Negative ions can regulate the physiological function of the human body, which can eliminate fatigue, improve sleep, promote blood circulation and metabolism, and improve the immunity of the human body. In addition, negative ions can absorb, aggregate and precipitate suspended particles of pollutants in the air, so that the air can be purified. Currently it is widely used in the fields of environmental protection, health care, medicine, textiles, building materials and other fields.
Alginate is a kind of salt which is formed by alginic acid and sodium hydroxide or potassium hydroxide reaction. Alginate is extracted from marine algae, which is the high molecular block copolymers of anhydrous β-Dmannuronic acid and anhydrous β-D-guluronic acid 31) . In this study, the antibacterial activity and the mechanical properties of the alginate impression materials with different proportions of negative ion powder were investigated. Currently there is no literature on the negative ion powder added into the alginate impression material at home and abroad.
The result showed that the antibacterial rate increased as the content of negative ion powder added into the alginate impression materials increased. When the content of negative ion powder was 1%, the antibacterial rate was 90% or more, when the content of negative ion powder was 2%, the antibacterial rate could be up to 100%. The negative ion powder has strong antibacterial activity, which could be added into the alginate impression materials to play the role of impression disinfection. The appropriate adding proportion of negative ion powder is 1-2%.
The following index is commonly used to measure the mechanical properties of the alginate impression material: gelation time, elastic recovery, compressive strain and compressive strength. Testing is done on a universal material testing machine, which is an advanced testing instrument for computer control and mainly used to test the tensile, bending, compression, peeling, tearing and other mechanical properties of metal and nonmetal materials. Alginate is dissolved in water to form a sol state, the sodium on its molecular structure can be dissociated into sodium ions, after dissociation the alginate molecules can be cross-linked by multivalent cations, which could change the state of alginate from sol to gel. The solidification process of alginate impression material is in the ionization of ion in the solution of components and the results of the displacement and the cross-linking reaction 30) . Some researches 32, 33) reported that gelation of irreversible hydrocolloid impression materials occur clinically when approximately 10% of alginate carboxyl groups are cross-linked with calcium ions. In this study, the results indicated that gelation time of all the test groups showed a trend of prolong, which may be due to the retard the cross-linking reaction of alginate carboxyl groups and calcium ions caused by the addition of the negative ion powder. There are variations of elastic recovery, compressive strain and compressive strength of control group and test groups according to the different negative ion content, the reason is that the negative ion powder may affect the dissociation and cross-linking of reactive ingredients of the alginate impression material, and thus influence elastic recovery, compressive strain and compressive strength.
MTT assay is a good method to evaluate the cytotoxicity of biomaterials in vitro. In this study, the cytotoxicity of the negative ion powder was assessed by MTT assay. The results of the MTT assay indicated that the cytotoxicity grade of the negative ion powder was 0, suggesting that the material is noncytotoxic, so the negative ion powder has good biocompatibility, which has great potential for clinical application.
CONCLUSION
From the results, it can be concluded that the optimal adding ratio of negative ion powder was 1-2%, which could provide the experimental basis for its clinical application. On the related clinical application deserves to be explored in further study.
